Fluoroquinolones are known to be safe and well tolerated. They are said to have the widest clinical acceptability when compared with other antibiotics. Their reported side effects include gastrointestinal tract, central nervous system effect and blood disorder. Rare side effects include phototoxicity, hypersensitivity, convulsion, psychosis, tendinitis, hypoglycemia, cardiotoxicity and nephrotoxicity. Some of these side effects have led to the withdrawal of some fluoroquinolones like travofloxacin from clinical use in some countries. Of recent fluoroquinolones induce cardiotoxicity and hepatotoxicity has gain attention. Due to increasing reports on fluoroquinolones associated hepatotoxicity in experimental Animal studies and clinical experience. This study reviews reported hepatotoxicity associated with clinically used fluoroquinolones and their safety profile on liver function. It was observed that some fluoroquinolones may have hepatotoxic potential. Reported fluoroquinolones induce hepatotoxicity manifested as hepatitis, pancreatis, jaundice, liver injury and hepatic failure. Most reported cases of fluoroquinolones induced hepatotoxicity were marked by elevated levels of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, direct bilirubin, total bilirubin and prolong prothrobin time. In some reported cases liver biopsy revealed hepatocellular damage, necrosis and degeneration. Mixed inflammatory infiltrates containing eosinophils, portal edema, bile ductular proliferation and lobular cholestasis were also observed in some cases. The mechanism of fluoroquinolones induce hepatotoxicity may involve generation of oxidative radicals in the liver during drug metabolism which induces DNA damage, mitochondrial damage and gene regulation leading to hepatocellular damage. This was observed in travofloxacin which enhances hepatic mitochondrial peroxynitrite stress in mice with underlying increased basal levels of super oxide leading to the disruption of critical mitochondrial enzyme and gene regulation. This mechanism could be associated with fluoroquinolones mechanism of action which includes DNA damage. In conclusion fluoroquinolones are well tolerated but some may have hepatotoxic potential. Most clinically used fluoroquinolones are relatively safe but Clinicians should consider patients liver function status before fluoroquinolones clinical recommendation. In some cases biochemical parameters associated with liver function should be monitored in patients with impaired liver function.
Introduction
Fluoroquinolones are a series of synthetic antibacterial agents that are used in the treatment of a variety of bacterial infections. The first quinolone, nalidixic acid was introduced in 1962. Since then, structural modifications have resulted in second-, third-, and fourth-generation fluoroquinolones, which have improved coverage of gram-positive organisms [1] .
Fluoroquinolones induce their action by inhibiting DNA synthesis through promoting cleavage of bacterial DNA in the DNA-enzyme complexes of DNA gyrase and type IV topoisomerase, resulting in rapid bacterial death [2] . The fluoroquinolones as a class are generally well tolerated most adverse effects are mild [3, 4] . The most common adverse events associated with the quinolone class involve the gastrointestinal tract (nausea and diarrhea) and central nervous system (CNS) (headache and dizziness). These adverse events are usually mild and do not require discontinuation of therapy. Uncommon and potentially serious quinolone-related adverse events involve the cardiovascular system (rate-corrected electrocardiographic QT interval prolongation), musculoskeletal system (tendinitis and tendon rupture), endocrine system (glucose homeostasis dysregulation), renal system (crystalluria, interstitial nephritis, and acute renal failure), and the CNS (seizures) [5] .
Severe idiosyncratic adverse events are specific to individual agents that may share some structural congruity, such as the 1-(2,4)-difluorophenyl group shared by travofloxacin (associated with hepatitis), temafloxacin (as-sociated with hemolytic-uremic syndrome), and tosufloxacin (associated with eosinophilic pneumonitis). Overall fluoroquinolones with higher discontinuation rates, such as travofloxacin and grepafloxacin, are no longer available for general use [6] .
Recently there are reported cases of fluoroquinolones induced hepatotoxicity, Ciprofloxacin [7] , Moxifloxacin [8], Gatifloxacin [9] , Norfloxacin [10] , Ofloxacin [11] and Levofloxacin [12] . These were marked by elevated levels of some biochemical parameters (alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, direct bilirubin, total bilirubin and prolong prothrobin time). Hepatocellular damage, necrosis and degeneration were observed. Hepatotoxic reactions (liver failure, hepatic dysfunction and pancreatitis) have led to travofloxacin being either restricted for use in patients with life or limb threatening infections for which no suitable safe and effective alternatives are available or suspended from use in Europe [13] . This work critically analyzed reported hepatotoxicity induced by fluoroquinolone and their safety on hepatic function.
Gatifloxacin is one of the most frequently prescribed fluoroquinolone. It is known to be safe and well tolerated with very few side effects [14] . Despite its safe pharmacological profile it may have hepatotoxic potential [15] . Cheung et al. (2004) [16] reported a case of gatifloxacin induced hepatotoxicity and acute pancreatitis in a patient administered 400 mg/day. Patient laboratory evaluation revealed elevated levels of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase and bilirubin. Liver biopsy showed portal edema, bile ductular proliferation and portal inflammatory infiltrate that included eosinophils with lobular cholestasis.
A case of possible fulminant hepatic failure induced by gatifloxacin was also reported by Coleman et al. (2002) [17] . It was characterized by abnormal liver aspartate aminotransferase, alanine aminotransferase and hepatocellular necrosis. The patient liver function steadily declined eventually resulting in multiple organ failure and patient death. Another gatifloxacin associated hepatitis which percutaneous liver biopsy showed acute hepatitis was also reported. Eosinophilic infiltrates consistent with drug induced hepatitis was seen. Despite reported gatifloxacin associated hepatotoxicity, clinical trials and post marketing study established it is safe on the liver. This can be seen from a single well-documented case of reversible gatifloxacin-associated hepatitis that was reported in a post marketing study of 15,625 patients [18] . In the evaluation of the pharmacokinetics profile of gatifloxacin in infants and Children, 118 Pediatric patients were enrolled. 111 patients were doused with gatifloxacin. It was observed that only three (3) subjects experienced transient increased in liver function test which returned to normal without intervention. This probably showed that gatifloxacin may not be hepatotoxic in children [19] .
The safety profile of gatifloxacin on hepatocytes can also be seen from fluoroquinolone clinical trials by drug induced liver injury network (DILIN) involving 679 registrants. Only one gatifloxacin induced hepatotoxicity was recorded [20] . The safety of gatifloxacin on liver function was also reported by some authors [21] . In this review it was observed that only few cases of gatifloxacin associated hepatotoxicity were reported. This could be used as yardstick for the safety of this drug on liver function.
Levofloxacin is generally well tolerated and has a good Safety Profile. It is known, to have few adverse effects [22] . Levofloxacin induced hepatotoxicity was reported in humans. Coban et al. (2005) [23] reported a case of levofloxacin induced acute fulminant hepatic failure in a patient with chronic hepatitis B Infection. Laboratory findings revealed elevated levels of total bilirubin, direct bilirubin, alkaline phosphates, alanine aminotransferase, and aspartate aminotransferase. Histopathological examination of the liver revealed ductular proliferation, neutrophil and lymphocytic infiltration in the portal area of the liver. Diffuse hepatocellular necrosis and severe degenerative changes were observed. Numerous apoptotic bodies and intracytoplasmic bile accumulation were seen. Levofloxacin was also reported to induce acute hepatitis in a patient with renal insufficiency and hepatic enzymes were elevated [24, 25] .
Possible Levofloxacin induced acute hepatocellular injury in a patient with chronic obstructive lung disease was documented by Karim et al. (2001) [26] . Liver function test showed elevated levels of aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase. In a case of 17 individuals with suspected latent multidrug-resistant tuberculosis infection who were treated with pyrazinamide and levofloxacin, 5 cases of hepatocellular injury were reported which may be associated with levofloxacin [27] . This report is an agreement with the observation of Schwalm and Lee (2005) [28] who reported a case of Levofloxacin induced hepatitis marked with elevated liver enzymes. This is further supported by the report of Spahr et al. (2001) [29] who observed acute fatal hepatitis related to levofloxacin. These findings also agree with the report of other scholars who observed severe liver damage induced by Levofloxacin [30] .
Furthermore, from Jan 1, 1997 to June 30, 2006 Health Canada received 44 domestic report of liver and biliary disorder associated with levofloxacin. Out of the 44 cases, 5 were hepatic failure, 9 were hepatitis 1 was hepatorenal syndrome while 29 people were associated with elevated liver enzyme levels, cholestatic hepatitis and Jaundice [31] . This is at variance with clinical trials involving 7000 patients which showed no evidence of serious levofloxacin associated hepatotoxicity. Levofloxacin hepatotoxicity could occur after 6 -14 days of initiation of therapy. Most reported cases of hepatotoxicity are not associated with hypersensitivity and occurred in patients 65 years of age and above [32] .
Despite reported levofloxacin associated hepatotoxicity, reports on the safety profile of Levofloxacin from clinical trials and post Marketing Surveillance showed that it is safe with hepatotoxicity in less than 1 per million people [33] . This report agrees with the information on the safety profile of levofloxacin in Japan. It was reported that levofloxacin induced hepatotoxicity has a very low incidence of 1/100,000 [34] . Incidence of acute hepatotoxicity associated with levofloxacin may be low due to few reported cases from the result of post marketing surveillance. Levofloxacin induce hepatotoxicity is rare but physicians should be aware of possible liver injury that could associated with Levofloxacin.
Ofloxacin is a racemic mixture of levofloxacin and dextrofloxacin. It is well tolerated and is reported to be safe [35] . In this review it was observed that there are only few reported cases of hepatotoxicity associated with ofloxacin. Jones and smith (1997) [36] reported a case of ofloxacin induced jaundice. Laboratory evaluation revealed elevated levels of bilirubin, aspartate aminotransferase and alkaline phosphatase. A similar case of ofloxacin induced severe hepatitis was also documented [37] . The safety profile of ofloxacin on the liver was also established in a sub chronic toxicity study of a fixed dose combination of ofloxacin and ornidazole in musmusculus mice [38] . Despite the safety of ofloxacin on liver function the excretion of ofloxacin may be reduced in patients with severe liver function disorders and a maximum dose of 400mg of ofloxacin per day should therefore not be exceeded [39] . This review observed that ofloxacin may not be hepatotoxic due to limited reports of impairment. It could be said that ofloxacin is safe on the liver.
Norfloxacin induced hepatotoxicity is very rare and very limited literatures are available [40] . Among the few reported cases of hepatotoxicity associated with norfloxacin include the report of Romero-Gomez et al. (1991) [41] who documented a case of norfloxacin induced cholestatic hepatitis in a patient with alcoholic liver Cirrhosis. Norfloxacin induced cholestatic jaundice with signs of chronic liver failure was reported. It was characterized by elevated levels of aspartate aminotransferase, alanine aminotransferase, total bilirubin, direct bilirubin and alkaline Phosphatase [42] . This report agreed with other observations [43, 44] . Bjornson et al. (2000) [45] published a case of norfloxacin induced eosinophilic necrotizing granulomatous hepatitis.
In rats it was observed that administration of norfloxacin induce DNA damage in the liver and fetal tissues after transplacental exposure. Single oral doses of norfloxacin (4, 2, 1, 0.5 MMole/kg) administered to pregnant rats significantly increased the frequency of micro nucleated polychromatic erythrocytes both in fetal and maternal liver and bone marrow [46] .
In a clinical trial, 52 healthy subjects and 1980 patients with urinary tract infections or prostatitis received norfloxacin. Among the abnormal laboratory values observed are alanine aminotransferase (1.4%), aspartate aminotransferase (1.4%) and alkaline phosphatase (1.1%). This showed that norfloxacin may not be hepatotoxic, but surveillance reported some cases of hepatic failure [47] . Comparatively norfloxacin could be said to as safe as ofloxacin on the liver due to low incidences of reported cases.
Moxifloxacin is a fluorinated Quinolone that is reported to have a good clinical safely profile [48] . There are few reported cases of hepatic failure due to Moxifloxacin. Clinical experience showed that moxifloxacin may have a minimal hepatotoxic effect. Moxifloxacin induced fatal hepatotoxicity was reported. It was characterized by elevated levels of alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase and total bilirubin. Scan revealed mild splenomegaly [49] . This agreed with the findings of Nori et al. (2004) [50] who documented a case of fulminant hepatic failure characterized by elevated liver enzymes in a patient treated with moxifloxacin. Similar observations were also reported by some researchers [51] .
Treatment with moxifloxacin could be associated with a risk of developing fulminant hepatitis potentially leading to life threatening liver failure. Sixteen cases of hepatitis attributed to moxifloxacin were reported to Food and Drug Administration's Adverse Event Reporting System on December 14, 2001 [52] .
In a 13 week toxicity evaluation of the safety profile of moxifloxacin in rat, 100 mg, 500 mg, 750 mg/kg of administered moxifloxacin elevated levels of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase and bilirubin concentration. Scan revealed mild splenomegaly. Administration of these doses for 6 months resulted in increased numbers of degenerative necrotic hepatocytes, scattered diffusely in the liver lobule in most male rats.
Administration of 250 mg/kg of moxifloxacin to monkeys increased levels of alanine aminotransferase and aspartate aminotransferase [53] . Reported cases of moxifloxacin induced hepatotoxicity are relatively low compared to the number of moxifloxacin prescriptions. In reassuring the safety profile of moxifloxacin on liver function it was reported that it has no significant associated hepatotoxicity [54] . In clinical trials using patients with anti-tuberculosis induced hepatic disease addition of moxifloxacin to anti tuberculosis regimen did not im-posed additional hepatotoxicity on the patients [55] .
An over view of the cumulative safety data on both oral and intravenous moxifloxacin therapy including data from the most recent clinical trials and post marketing studies showed the safety of moxifloxacin on liver function [56] .
Studies showed that moxifloxacin dose adjustment does not appear to be necessary in elderly patients with mild to moderate hepatic function [57, 58] . Clinicians should use moxifloxacin with caution in patients with pre-existing liver disease or those at risk of having liver disease.
Ciprofloxacin is said to be generally well tolerated with remarkably few reactions. Ciprofloxacin is not known to be hepatotoxic, but off recent there are more reported cases of ciprofloxacin induce hepatotoxicity [59] . A case of ciprofloxacin induce cholestatic jaundice was reported by Labowitz and Silverman (1997) [60] . Laboratory investigation showed elevated levels of total bilirubin, direct bilirubin, alkaline phosphatase, aspartate aminotransferase and prolong prothrobin time. This report agreed with other findings [61] [62] [63] . Ciprofloxacin induced liver injury marked with elevated liver enzymes was also documented. Liver biopsy revealed extensive hepatocellular necrosis involving zones 3 and 2 of hepatic acini and a mixed inflammatory infiltration containing abundant eosinophils [64, 65] . Similar findings were also reported by some scholars [66] [67] [68] . Ciprofloxacin induced fulminant hepatic failure and hepatitis was also documented [69] [70] [71] [72] . Cases of ciprofloxacin induced cholestatic Jaundice were also reported in humans by some authors [73] . Hepatotoxic potential of ciprofloxacin was also seen in animal models. Channa and Janjua (2003) [74] showed that ciprofloxacin administered to rat significantly decreased fetal liver weight, with increase degenerative cells in zone 11 and 111 of the fetus liver [74] . This report was supported by other observations [75, 76] .
Furthermore administration of the therapeutic and double therapeutic doses of ciprofloxacin (57 and 114 mg 1 kg) in two periods (Pre implantation and post implantation of pregnancy) induced damage in the liver of pregnant rats and fetuses. These changes varied from dilatation of hepatic portal vein, sinusoids, increased Kupffer and inflammatory Cells. Degeneration progressed to necrosis and focal fibrosis. In addition, the liver of the fetuses showed fatty changes, haemolysis of the blood in Sinusoidal Space. Severe dilation of central vein, focal hemosiderosis, necrosis and Pyknotic nuclei were observed [77] . Weyers et al. (2002) [78] reported increased in lipid hydroperoxide (COOH) in the liver of mice exposed to ciprofloxacin. Increased in lipid hydroperoxide (COOH) is a marker of ciprofloxacin induced stress in the liver.
On the contrary other researchers reported the safety of ciprofloxacin on the hepatic system. One of such reports is the ability of Ciprofloxacin to reverse inhibitory effects of ethanol and carbon tetrachloride induced models of hepatic Injury [79] . In this review it was observed that ciprofloxacin may have hepatotoxic potential due to reported cases. Clinicians should take into cognizance liver function status of patients before prescription of ciprofloxacin.
Travofloxacin is a highly known hopatotoxin according to US Food and Drug Administration [80] . More than 100 cases of travofloxacin induced hepatotoxicity were reported. Fourteen of these patents had acute liver failure with transplantation required in four patients, five of the patients died of liver disease. A case of travofloxacin hepatotoxicity was reported which was marked with elevated levels of serum aspartate aminotransferase, alanine amino transferase, alkaline phosphatase, direct bilirubin and total bilirubin. Liver biopsy revealed focal periportal necrosis and eosinophilic infiltration. The sinusoids were dilated and contained lymphocytes and eosinophils [81] . This report agreed with a case of travofloxacin induce hepatotoxicity presented by Lazarczyk et al. (2001) [82] in which liver biopsy revealed extensive centrilobular hepatocytes necrosis which interfered with normal blood flow from the liver. Eosinophils were also observed in liver parenchyma. Pannu et al. (2001) [83] documented a case of acute liver failure due to travofloxacin which was characterized by extensive liver necrosis and abscess. The right lobe appeared swollen with areas of low attenuation comparable with edema and fatty infiltration. Low attenuation in the left lobe of the liver is compatible with infarction. Angiogram revealed occlusion of the celiac axis with reconstitution of the hepatic artery and cavernous transformation of portal vein. This report has correlation with the findings of Borlak (2004) [84] who reported hepatic injury related to travofloxacin.
In December 1997, 152 cases of serious hepatic events related to travofloxacin were reported to US Food and Drug Administration and 140 cases to the European Agency for Evaluation of medicinal product. A case of travofloxacin induced acute hepatitis was presented with elevated levels of total bilirubin, direct bilirubin, alkaline phosphatase, alanine aminotransferase and inflammatory eosinophilic infiltrates [85] . Travofloxacin was approved in 1997, before its regulatory approval, there were no cases of hepatic failure or death in more than 7000 patients treated with travofloxacin as reported [86] .
The April 1998 quarterly report, listed 3 cases of increased liver enzymes associated with eosinophilic infiltration of the liver in patients after less than 14 days of therapy. Among the 11 serious safety reports for liver toxicity as of June 1998 the most typical was a healthy female who developed evidence of an eosinophilic hepatitis with no other obvious etiology [87] .
Since February 1998, 140 documented cases of serious liver reactions largely in the US have been reported with the use of travofloxacin [88] . During the post marketing period travofloxacin associated liver enzyme abnormalities and symptomatic hepatitis occurred during short term or long term therapy. Liver enzymes abnormalities have been reported in both men and women. Liver failure marked by hepatic necrosis and eosinophilic infiltration have also been reported. Symptomatic pancreatis was also reported on therapy [89] .
Animal studies showed that travofloxacin has hepatotoxic potential. Hepatotoxic effect was observed in treated dogs with elevated liver enzymes levels which correlated with centrilobular hepatocellular vacuolar degeneration and necrosis at doses exceeding therapeutic doses [90] . Rats given a non hepatotoxic dose of lipopolysaccharide followed by a non toxic dose of travofloxacin developed significant hepatocellular injury [91] . Shaw et al. (2007) [92] also showed that travofloxacin induced hepatocellular injury in treated mice. In a six month rat toxicological study it was discovered that a dose related increase in the incidence of minimal to mild fatty changes in the liver of male rats treated with travofloxacin occurred. In a six month dog toxicological study hepatocellular vacuolar degeneration and necrosis with elevated liver enzymes were seen. In six month toxicity study involving 16 dogs, there was threefold increase in liver enzymes. Liver biopsy revealed liver damage marked by necrotizing hepatocellular inflammation [93] . Due to travofloxacin induced hepatotoxicity the manufactures withdrew it from European market on 15 June 1999 [94] .
The mechanism of fluoroquinolones induced hepatotoxicity is not well understood. Many researchers have given different views. Some researchers stated that the generation of oxidative radicals involved in mitochondrial damage, RNA processing, transcription and inflammation may serve as a mechanism for hepatotoxicity induced by fluoroquinolones [95, 96] . This mechanism was supported by Hsiao et al. (2010) [97] who reported that travofloxacin enhances hepatic mitochondrial peroxynitrite stress in mice with underlying increased basal levels of super oxide leading to the disruption of critical mitochondrial enzyme and gene regulation. It was also reported that travofloxacin induced hepatotoxicity may be medicated through the oxidation of the cyclopropylamine substructure to reactive intermediates that may form covalent adducts to hepatic proteins, resulting in damage to liver tissues. This mechanism induced by travofloxacin may be applicable to other fluoroquinolones [98] .
Researchers have also shown that one of the mechanisms for drug induced hepatotoxicity is through mitochondrial damage as earlier reported. It is known that mitochondrial impairment is usually a final event common to pathways leading to necrotic and apoptotic cell death. Drug induced participation of mitochondria in hepatocellular death is a direct result of drug acting on these organelles [99] . Fluoroquinolones antibacterial activity has been ascribed to DNA binding resulting n a marked inhibition of bacterial DNA topoisomerase [100] . This mechanism could be further buttress as one of the mechanisms used by fluoroquinolones to alter intracellular cAMP, Calcium levels, suppress DNA, protein Synthesis and mitochondria damage in the acini cells of the liver [101] . One of the factors that could lead to DNA damage and mitochondrial depletion in the liver is probably the ability of fluoroquinolones to generate oxidative radicals in the in the liver as a result of their metabolism by Cytochrome p 450 in the liver as exhibited by Ciprofloxacin [102] .
In conclusion most fluoroquinolones are well tolerated and safe, some may have hepatotoxic potentials. In some instances Clinicians should consider patients liver function status before fluoroquinolones clinical recommendation.
